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USING GEOMETRIC WAVELETS BASED ON 
ACTIVE CONTOURS FOR SIGNAL 

PROCESSING 

RELATED APPLICATIONS 

[Not Applicable] 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

[Not Applicable] 

MICROFICHE/COPYRIGHT REFERENCE 

[Not Applicable] 

BACKGROUND OF THE INVENTION 

The present invention generally relates to imaging technol 
ogy. More particularly, the present invention relates to com 
puting geometric Wavelets representation based on active 
contours. 

Imaging systems have been developed for a variety of 
purposes. Some of these are for computer graphics, for video 
encoding for transferring video ?les, and for generating com 
puter-enhanced pictures/videos. For example, an imaging 
system may rely upon an edge detection method for video 
data compression. Edge detection may also alloW generating 
pictures and/or videos that Will alloW shape analysis. For 
example, there are a number of numerical algorithms for 
computing a near-minimiZer of one of the methods of edge 
detection, Mumford-Shah functional. HoWever, they do not 
produce an actual segmentation of the image into distinct 
regions With disjoint interiors. Instead, they classify pixels 
With an “edge” score, Where the score implies the probability 
that the pixel is an edge pixel. This method may make dif?cult 
extraction of true segmentation from this “fuZZy” classi?ca 
tion. For example, some computer aided diagnostic proce 
dures for the medical ?eld require that an actual segmentation 
curve be computed so that shape analysis can be applied to the 
segmented object for the purpose of detecting abnormalities. 

In the medical ?eld, an imaging system that can provide as 
much detail as possible from a limited video data may be 
valuable to a radiologist in his Work since the radiologist 
relies on X-ray pictures, MRI or CAT scans, and other visual 
rendition of a patient’s body in assessing a patient’s health. 
HoWever, in some situations, there may not be enough data 
available for generation of an acceptable video/picture out 
put. For example, in photon-limited images, the random 
nature of photon emission and detection is the dominant 
source of noise in the imaging system. In these cases, the 
relatively small number of detected photons is a factor limit 
ing the signal-to-noise ratio. These applications comprise 
Positron Emission Tomography (PET), Single Photon Emis 
sion Computed Tomography (SPECT), Confocal Micros 
copy, and Infrared (IR) imaging. 

The data collected by these imaging systems are usually 
assumed to obey a spatial Poisson distribution involving a 
tWo-dimensional intensity image that descries the probability 
of photon emissions at different locations in space. The mean 
and variance of a Poisson process are equal to the intensity, 
Where the intensity mean corresponds to the “signal” of inter 
est and the variability of the data about the mean can be 
interpreted as “noise.” In some sense, it may be said that the 
noise in photon-limited imaging is signal dependent. Thus, a 
reconstruction method that removes the Poisson noise While 
preserving the main feature of the image Will be useful. 
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2 
BRIEF SUMMARY OF THE INVENTION 

Certain embodiments of the invention provide systems and 
methods for image processing. 

Certain embodiments of the invention provide a method for 
image processing. The method includes computing a segmen 
tation tree for an input image data using active contours; 
creating a geometric Wavelets representation using a segmen 
tation tree; and generating an image based on geometric 
Wavelet sparse representation extracted from the geometric 
Wavelets representation. The method also includes recur 
sively ?nding sub-domains and loW-order multivariate poly 
nomials for at least one domain at each stage in the computing 
of the segmentation tree, Where each sub-domain may be a 
domain for a succeeding stage in creating the segmentation 
tree, if the recursive ?nding is not terminated. The succeeding 
stage may be the next stage or another stage doWn the line. 
The loW-order multivariate (2D for a single image, 3D for 

an image sequence, etc) polynomials may be found, for 
example, using least-squares method. The process of recur 
sively ?nding sub-domains may be terminated, for example, 
When each domain at a stage comprises less than a determined 
number of pixels. The geometric Wavelet sparse representa 
tion may comprise, for example, M most active geometric 
Wavelets from a set of N geometric Wavelets in the geometric 
Wavelets representation, Where M is a number less than N. 
The segmentation tree may be generated, for example, using 
binary space partition. 

Certain embodiments provide a system for providing geo 
metric Wavelets based on active contours. The system may 
include providing an image processing circuitry that com 
putes a segmentation tree using active contours for an input 
image data. The image processing circuitry may create a 
geometric Wavelets representation using a segmentation tree. 
The image processing circuitry may generate an image based 
on geometric Wavelet sparse representation that may be 
extracted from the geometric Wavelets representation. The 
image processing circuitry may recursively ?nd sub-domains 
and loW-order multivariate polynomials for at least one 
domain at each stage in the computing of the segmentation 
tree, if the recursive ?nding is not terminated. The system 
may use, for example, a least-squares method to ?nd the 
loW-order multivariate polynomials. 
Each of the sub-domains is a domain for a succeeding stage 

for the segmentation tree. The recursively ?nding may be 
terminated, for example, When each domain at a stage com 
prises less than a determined number of pixels. The image 
processing circuitry may generate the geometric Wavelet 
sparse representation comprising M most active geometric 
Wavelets from a set of N geometric Wavelets in the geometric 
Wavelets representation, Where M is a number less than N. 
The system may generate, for example, the segmentation tree 
using binary space partition. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

FIG. 1 is an exemplary diagram of a portion of an imaging 
device, Which may be utiliZed With an embodiment of the 
invention. 

FIG. 2 shoWs exemplary diagrams of an image being 
detected using active contours method, Which may be utiliZed 
With an embodiment of the invention. 

FIG. 3A shoWs an exemplary segmentation of an image, 
Which may be utiliZed With an embodiment of the invention. 

FIG. 3B shoWs generation of an exemplary segmentation 
tree corresponding to FIG. 3A, Which may be utiliZed With an 
embodiment of the invention. 
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FIG. 4 illustrates an exemplary ?oW diagram for ?nding 
geometric Wavelets based on active contours in accordance 
With an embodiment of the present invention. 

FIG. 5 illustrates an exemplary ?oW diagram for generating 
a segmentation tree using active contours in accordance With 
an embodiment of the present invention. 

The foregoing summary, as Well as the folloWing detailed 
description of certain embodiments of the present invention, 
Will be better understood When read in conjunction With the 
appended draWings. For the purpose of illustrating the inven 
tion, certain embodiments are shoWn in the draWings. It 
should be understood, hoWever, that the present invention is 
not limited to the arrangements and instrumentality shoWn in 
the attached draWings. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is an exemplary diagram of a portion of an imaging 
device, Which may be utiliZed With an embodiment of the 
invention. Referring to FIG. 1, there is shoWn an imaging 
device 100. The imaging device 100 may comprise an image 
sensor 110, an image processor 112, a processor 114, and a 
memory block 116. The image sensor 110 may comprise 
suitable circuitry and/or logic that may enable capture of 
images, Which may include, for example, video images and 
still images. The images captured may be further processed as 
video and/or still photograph outputs. 

The image processor 112 may comprise suitable circuitry, 
logic, and/or code that may enable processing of image data. 
The processor 114 may comprise suitable circuitry, logic, 
and/ or code that may enable general processing. For example, 
the processor 114 may determine the mode of operation of 
various portions of the imaging device 100. For example, the 
processor 114 may set up data registers in the image processor 
112 to alloW direct memory access (DMA) transfers of video 
data to the memory block 116. The processor may also com 
municate instructions to the image sensor 110 to initiate cap 
turing of images. The memory block 116 may be used to store 
image data that may be processed and communicated by the 
image processor 112. The memory block 116 may also be 
used for storing code and/or data that may be used by the 
processor 114. The memory block 116 may also be used to 
store data for other functionalities of the imaging device 100. 
For example, the memory block 114 may store data corre 
sponding to voice communication. 

In operation, the processor 114 may initiate image capture 
by the image sensor 110. The image sensor 110 may commu 
nicate, for example, the YUV data corresponding to the cap 
tured images to the image processor 112. The processor 114 
may provide information to the image processor 112 for 
DMA transfer of processed image data to the memory block 
116. The image data in the memory block 116 may be further 
processed, for example, by the processor 114. The processing 
by the processor 114 may comprise, for example, preparing 
the image for printing and/ or transmission to another netWork 
node. 

While an embodiment of the invention may have been 
described as comprising the image processor 112 and the 

Z X? 

[ 2 mm 

2 

20 

25 

30 

35 

40 

45 

50 

55 

4 
processor 114, the invention need not be so limited. For 
example, the processor 114 may comprise the functionality of 
the image processor 112. 

FIG. 2 shoWs exemplary diagrams of an image being 
detected using active contours method, Which may be utiliZed 
With an embodiment of the invention. Referring to FIG. 2, 
there is shoWn frames 200, 202, 204, and 206, Where an initial 
outline 20011 in the frame 200 may converge to a ?nal outline 
in the frame 206. Same images may be in the frames 200, 202, 
204, and 206, and the images may be photon-limited images. 
Outline 200a shoWn in the frame 200 may be a circle. The 
image processor 112 may, for example, draW a circle as a 
default outline 20011, Where the default outline 200a may be 
selected to generally encircle images in the frame 200. In the 
frame 202, the image processor 112 may converge to a more 
accurate outline 20211 from the outline 200a. 

Similarly, in the frame 204, the image processor 112 may 
converge to a still more accurate outline 204a, and start to 
generate an interior circle outline 20419. In the frame 206, the 
image processor 112 may generate distinct outlines 206a and 
20619 for the toroid image on the loWer left-hand side of the 
frame 206, the outline 2060 for the image on the right hand 
side of the frame 206, and the outline 206d for the triangle 
image on the top left-hand side of the frame 206. The image 
processor 112 may, for example, use the active contours 
method to converge to more accurate outlines. 

For example, given a multivariate real-valued function (im 
age) J“ de?ned on a domain such as the d-th dimensional unit 
cube [0,1]d, one may subdivide the initial domain into tWo 
sub-domains. In Binary Space Partition (BSP) applications, 
the subdivision may be performed by intersecting the domain 
With a hyper-plane, Which may be a line for the case Where 
d:2. The partition is performed so that a given cost function 
is minimiZed. This subdivision then proceeds recursively on 
the sub-domains until some exit criterion is met. At each stage 
of the BSP process, for a given convex polytope Q, the algo 
rithm ?nds tWo sub-domains Q‘, Q" and tWo loW-order poly 
nomials Q9‘, Q9”, that minimiZe the quantity 

11f —QQHL2<Q>2+Hf _QQ"HL2(Q")2 (1 - 1) 

over all pairs Q‘, Q" of polyhedral domains that are the result 
of an binary space partition of Q by a hyper-plane, Where 

IIgHLQm) I= g(x)2]l/2. (1'2) 
e!) 

The quantity in (1 .2) is the L2 norm of a discrete function over 
a domain Q. In some embodiments, other ‘energy’ quanti? 
cations may be applied. 

To minimiZe (1.1), candidate partitions of the domain Q 
may need to be tested. Once a test partition is ?xed, the 
polynomials Q9, Q9” can be calculated separately using, for 
example, the least-squares technique. For example, in an 
embodiment Where d:2, the polynomials are linear and Q‘ is 
one of the sub-domains, one minimiZes 

Z 
The above least square minimiZation is performed by solv 

ing the linear system of three equations: 

(1.3) E 2 X1 

2% 

z 
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We then set 

The same calculations can be performed over £2", and once 
the polynomials Q9, Q9” are computed, one can also com 
pute (1.1) for the tested partition and compare With previously 
tested partitions. To speed up calculations of the type (1.3), 
one can pre-compute moment integrals, as a pre-processing 
step, at all the points of the original domain. Once a domain Q 
is partitioned into tWo ‘optimal’ sub-domains 9,9", the pro 
cess may be applied recursively on the sub-domains. The 
subdivision process may be terminated, for example, When 
each sub-domain contains only a feW pixels. 
An embodiment of the invention may replace the hyper 

plane With a curved partition. The curved partition may be 
computed, for example, using the active contour paradigm. In 
one embodiment of the invention, (1.1) may be replaced by 

I6H(Y)+1i(1‘jg-Q911L2(Q')2+11f_QQ"11L2(Q")2)> (1-5) 

Where y is the segmentation curve betWeen the sub-regions 
Q‘, Q" and u>0 is a Weight parameter. Regions and sub 
regions may also be referred to as, for example, domains and 
sub-domains. 

Accordingly, the active contour algorithm may ?nd a solu 
tion to (1 .5) for the frame 200, Where a square domain may be 
partitioned into four sub-regions in the presence of Poisson 
‘noise’. The sub-regions Q‘ and Q" need not be connected 
regions. For example, the toroid image on the loWer left-hand 
side of the frame 206 outlined by the outlines 206a and 206b, 
the triangle image outlined by the outline 206d, and the image 
on the right hand side of the frame 206 outlined by the outline 
2060 are not connected regions. In such a case, sub-regions Q‘ 
and Q" may be further subdivided into their connected com 
ponents and thus a region Q may have more than tWo children 
in a tree. As in the standard BSP method, the algorithm may 
proceed recursively on the connected sub-regions to create a 
segmentation tree. 

FIG. 3A shoWs an exemplary segmentation of an image, in 
accordance With an embodiment of the invention. Referring 
to FIG. 3A, there is shoWn a connected regionA that may be 
divided to create a segmentation tree. The initial regionA may 
be seen in the frame 300. The initial regionA may be divided 
into sub-regions B and C by the curved partition 30211 in the 
frame 302. The frame 304 shoWs the sub-region B divided 
into sub-regions D and E by the curved partition 30411. The 
frame 306 shoWs the sub-region D divided into sub-regions F 
and G by the curved partition 30611. The curved partitions 
302a, 304a, and 30611 may be generated using, for example, 
the active contour algorithm. The partitions 302a, 304a, and 
30611 may be shoWn as straight lines for ease of presentation. 

Accordingly, a segmentation tree may be generated, Where 
each branch of the segmentation tree may indicate a sub 
region of the initial regionA. A partial segmentation tree that 
corresponds to the segmentation shoWn in the frames 300, 
302, 304, and 306 is shoWn in FIG. 3B. 

FIG. 4 illustrates an exemplary ?oW diagram for a geomet 
ric Wavelets algorithm based on active contours in accordance 
With an embodiment of the present invention. Referring to 
FIG. 4, there is shoWn steps 400 to 406. In step 400, data 
corresponding to an image frame may be received for image 
processing. The image frame may comprise, for example, one 
or more unconnected images. In step 402, a binary space 
partition segment tree may be computed as illustrated, for 
example, With respect to FIGS. 2, 3A, and 3B. 

In step 404, once the segmentation tree is constructed, a 
geometric Wavelets representation that is supported on this 
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6 
tree may be computed. For example, Q‘ may be a child of Q 
in a segmentation tree, that is, Q‘ C Q and Q‘ Was created by 
the curved partition of Q. The polynomial approximations 
Q9, Q9, that Were found for these domains by a local mini 
miZation such as (1.5) may be used, and a geometric Wavelet 
may be de?ned as: 

Accordingly, the geometric Wavelet may be associated 
With the sub-region Q‘ and the function f. A reader familiar in 
the art of Wavelet Theory Will notice that 1119, is a ‘local 
difference’ component that belongs to the detail space 
betWeen tWo levels in the BSP tree, a ‘loW resolution’ level 
associated With Q and a ‘high resolution’ level associated 
With Q‘. Also, these Wavelets also have the ‘Zero moments’ 
property. That is, if f is locally a polynomial over Q, then 
QQ':QQ:JC and 1119;0 
Under certain mild conditions on the partition 7’, the func 

tion 3“ may be de?ned as: 

Where 

‘(mud I: ‘pmudm : Qmud- (1.8) 

The geometric Wavelets (1.6) may be computed, and they 
may be sorted according to their L2 norm: 

111119151lbillwgkzlbgllwglqlb (1-9) 

As noted earlier, in some embodiments, other ‘energy’ quan 
ti?cations may be used as a criterion to sort the geometric 
Wavelet contribution/ importance. 

In step 406, given an integer neg, a sparse representation 
or approximation of the input function by the n-term geomet 
ric Wavelet sum may be extracted: 

(1.10) 

The sum (1 . 10) may be, in some sense, a generalization of the 
classical n-term Wavelet approximation Where the Wavelets 
are constructed over dyadic cubes.As With classical Wavelets, 
the n-term strategy may be used for progressive approxima 
tion and rate-distortion control, Where more geometric Wave 
lets may be added according to their order in (1.9). 

FIG. 5 illustrates an exemplary ?oW diagram for generating 
a segmentation tree using active contours in accordance With 
an embodiment of the present invention. Referring to FIG. 5, 
there is shoWn steps 500 to 504 that may be an expansion of 
the step 402. In step 500, a region may be divided into sub 
regions, such as, for example, in the frames 302, 304, and 306. 
The sub-regions may then be considered to be regions for 
segmentation purposes. Accordingly, the sub-region B in 
frame 302 may be considered to be a region B that may be 
segmented to sub-regions D and E in the frame 304. 

In step 502, a determination may be made as to Whether any 
region can be segmented further. This step may be referred to 
as, for example, a stage. Various algorithms may be suitable 
for segmenting an image. For example, an algorithm used 
may be pre-order traversal, or level-order. The criterion or 
criteria for determining Whether a region can be segmented 
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may be design and/ or implementation dependent. For 
example, a criterion may be the number of pixels in the 
region. If there is at least one region that can be further 
segmented, the next step may be step 504. In step 504, a 
region may be selected for segmentation. The next step may 
be step 500. Otherwise, there may not be any regions that can 
be segmented further, and the segmentation may be termi 
nated. The next step may then be step 404. 

Another embodiment of the invention may provide a 
machine-readable storage, having stored thereon, a computer 
program having at least one code section executable by a 
machine, thereby causing the machine to perform the steps as 
described above for method and system for using geometric 
Wavelets based on active contours for signal processing. 

While the invention has been described With reference to 
exemplary embodiments, it Will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof Without 
departing from the scope of the invention. In addition, many 
modi?cations may be made to adapt a particular situation or 
material to the teachings of the invention Without departing 
from the essential scope thereof. Therefore, it is intended that 
the invention not be limited to the particular embodiment 
disclosed as the best mode contemplated for carrying out this 
invention, but that the invention Will include all embodiments 
falling Within the scope of the appended claims. Moreover, 
the use of the terms ?rst, second, etc. do not denote any order 
or importance, but rather the terms ?rst, second, etc. are used 
to distinguish one element from another. 

The invention claimed is: 
1. A method for image processing, said method compris 

ing: using a processor to perform the folloWing: 
computing a segmentation tree for an input image data 

using active contours; 
creating a geometric Wavelets representation using said 

segmentation tree; and 
generating an image based on geometric Wavelet sparse 

representation extracted from said geometric Wavelets 
representation. 

2. The method of claim 1, comprising recursively ?nding at 
least tWo sub-domains and at least tWo polynomials for at 
least one domain at each stage in said computing of said 
segmentation tree, if said recursively ?nding is not termi 
nated. 

3. The method of claim 2, comprising using least-squares 
method to ?nd said polynomials. 

4. The method of claim 2, Wherein each of said sub-do 
mains is a domain for a succeeding stage for said segmenta 
tion tree. 

5. The method of claim 2, Wherein said recursively ?nding 
is terminated When each said domain at a stage comprises less 
than a determined number of pixels. 

6. The method of claim 1, Wherein said geometric Wavelet 
sparse representation comprises M most active geometric 
Wavelets from a set of N geometric Wavelets in said geometric 
Wavelets representation, Where M is a number less than N. 

7. The method of claim 1, comprising generating said 
segmentation tree using binary space partition. 

8. A non-transitory machine-readable storage having 
stored thereon, a computer program having at least one code 
section for image processing, the at least one code section 
being executable by a machine for causing the machine to 
perform steps comprising: 
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8 
computing a segmentation tree for an input image data 

using active contours; 
creating a geometric Wavelets representation using said 

segmentation tree; and 
generating an image based on geometric Wavelet sparse 

representation extracted from said geometric Wavelets 
representation. 

9. The non-transitory machine-readable storage according 
to claim 8, Wherein the at least one code section comprises 
recursively ?nding at least tWo sub-domains and at least tWo 
loW-order polynomials for at least one domain at each stage in 
said computing of said segmentation tree, if said recursively 
?nding is not terminated. 

10. The non-transitory machine-readable storage accord 
ing to claim 9, Wherein the at least one code section comprises 
using least-squares method to ?nd said loW-order polynomi 
als. 

11. The non-transitory machine-readable storage accord 
ing to claim 9, Wherein each of said sub-domains is a domain 
for a succeeding stage for said segmentation tree. 

12. The non-transitory machine-readable storage accord 
ing to claim 9, Wherein the at least one code section comprises 
terminating said recursively ?nding When each said domain at 
a stage comprises feWer than a determined number of pixels. 

13. The non-transitory machine-readable storage accord 
ing to claim 8, Wherein said geometric Wavelet sparse repre 
sentation comprises M most active geometric Wavelets from a 
set of N geometric Wavelets in said geometric Wavelets rep 
resentation, Where M is a number less than N. 

14. The non-transitory machine-readable storage accord 
ing to claim 8, Wherein the at least one code section comprises 
generating said segmentation tree using binary space parti 
tion. 

15. A system for image processing, said system compris 
ing: 

an image processing circuitry that computes a segmenta 
tion tree using active contours for an input image data; 

said image processing circuitry creating a geometric Wave 
lets representation using said segmentation tree; and 

said image processing circuitry generating an image based 
on geometric Wavelet sparse representation extracted 
from said geometric Wavelets representation. 

16. The system of claim 15, Wherein said image processing 
circuitry recursively ?nds at least tWo sub-domains and at 
least tWo loW-order polynomials for at least one domain at 
each stage in said computing of said segmentation tree, if said 
recursively ?nding is not terminated. 

17. The system of claim 16, Wherein least-squares method 
is used to ?nd said polynomials. 

18. The system of claim 16, Wherein each of said sub 
domains is a domain for a succeeding stage for said segmen 
tation tree. 

19. The system of claim 16, Wherein said recursively ?nd 
ing is terminated When each said domain at a stage comprises 
less than a determined number of pixels. 

20. The system of claim 15, Wherein said image processing 
circuitry generates said geometric Wavelet sparse representa 
tion comprising M most active geometric Wavelets from a set 
of N geometric Wavelets in said geometric Wavelets represen 
tation, Where M is a number less than N. 

21. The system of claim 15, terminating generating said 
segmentation tree using binary space partition. 

* * * * * 


